Presentation to

Space Transportation Lead Center
Program Management Council

March 2nd, 2000




Z ASTP Objectives
RSTP —Overview
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The overall ASTP objective is to provide the
technologies to reduce risk for operational system
developments while addressing future
breakthrough technologies beyond the next
generation.

¢ ASTP will mature those technologies that will provide the
greatest total safety improvement and cost savings over
the life of a space transportation system. This will be
accomplished through focused activities (mission and
customer“pull”).

¢ ASTP will seek to advance technologies that increase
performance margin, thus enabling missions that are
currently not technically or economically feasible
(technology “push”). These missions include safe,
routine earth-to-orbit transportation (Spaceliners), rapid
human and robotic transportation to the planets and
nearby celestial bodies and interstellar missions.
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ASTP

Earth-to-Orbit Goals, Objectives and Challenges

—Overview

Goals

10x Cost Reduction &
100x Safety Increase
by 2010

100x Cost Reduction &
10,000x Safety Increase
by 2025

Technology
Objective

B Increase System
Performance margin

B Drive Down
Operations Costs

B Drive Down
Manufacturing and
Production Costs

B Drive Down Design,
Development, Test
and Evaluation Costs

Challenge

B Increased Engine Thrust"Weight

B Increased Mission Specific
Impulse

B Improve Mass Fraction

B Increased Range
(Cross and Down)

B Increased Margin

B Increased Reliability

B Increased Life

B Increased Vehicle Health/
State Knowledge

B Reduced Labor

B Reduced Processing

B Reduced Facilities/GSE

B Reduced Maintenance

B Reduced Facilities

B Reduced Tooling

¥ Reduced Material Cost
B Reduced Labor

B Reduced Design Cycle Time

B Reduced Weight

B Reduced Complexity

B Increased Technology
Readiness Level @ Insertion
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ASTP

In-Space Goals, Objectives and Challenges

—Overview

Goals

10x Cost Reduction
and 2-3 Reduction
in Mass

and Travel Time

Enable Bold New
Interstellar Missions
by Reducing Travel
Time 10-100x
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Technology
Objective

B Affordable Earth Orbital

B Fast Interplanetary

Transfer

B Efficient Orbit Insertion/
Planetary Capture

B Efficient Ascent/Descent M Ultra-light Tanks, Feed Systems For

B Enabling Interstellar

Challenge

Long Life, High Power Electric
Propulsion

High Performance Chemical Systems
Advanced Cryogenic Engine
Reusable Transfer Vehicle
Technologies

Longer Life, Lighter Weight lon
Engines

High Power Electric Propulsion
Light Solar Sails, Beamed Energy
Nuclear Options

Ultra-light Tanks, Feed Systems For
Chemical Engines

Aerocapture Technologies
Milli-newton Thrusters For Precise
Painting

Chemical Engines
In-situ Propellant Ltilization
GNAC For Precision Landing

Concept Architecture Studies
Ultra-light Solar Sails, Ultra-high
Power Laser

Fusion Energy
Matter/Anti-matter Annihilation
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kw Three Tiered Technology Maturation Approach
iSlls| __ Overview
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TRAL

(/

QA

e

m Pathfinder Class Demonstrators M ! é
Narrow focus flight technology demonstrators
Driven by technology )

ITMEEO0OH0nWCO

Development similar to “Discovery”
spacecraft series
Less than ~ $100M each

In test in less than ~ 3 years
Allows for NASA and industry development

.-'i.l

LoommZ

Long Term Research
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ASTP Organization is Driven By Goals
—Overview
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Pillar 3
N
.9\{
Goal Earth-to-Orbit |[Earth-to-Orbit]| In-Space | In-Space Earth-to-Orbit Eg?ﬁ_%%’ggﬂt
Space
'"“iﬁte“;e"t 2nd Generation RLV In-Space Spaceliner 100 Transportation
(3rd Generation RLV) Research
é{gpg; Propulsion  IVHM E'B?%ﬁ'ﬁ%‘i’éjﬁ "
. - ; Physi
Projects Fastrac Fo%hge g T?g%gr | BEESJESIEFF Airframe Os?egggggs Adui::d
Technology Launch Vehicle 'Hgggém‘

64239
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ASTP Earth-to-Orbit Investments Support
_0vem-ew Several Generations of RLV’s
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2010: 2nd Generation RLV

m Space Transportation
m ®m Rendezvous, Docking, Crew Transfer
m Other on-orbit operations
- m |SS Orbital Scientific Platform

m 10x Cheaper

m 100x Safer

2025: 3rd Generation RLV

® New Markets Enabled

®m Multiple Platforms / Destinations
m 100x Cheaper

. m 10,000x Safer
2040: 4th Generation RLV

®m Routine Passenger Space Travel
m 1,000x Cheaper
m 20,000x Safer
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—Overview
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Key Program Events of the Past Year
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¢ Late 1998:

¢ Spring 1999:

¢ Summer 1999:

¢ Summer 1999:

¢+ Fall 1999:
¢+ Fall 1999:

¢ Late 1999:

Bantam Project Rescoped to Focus on
Advanced Technologies

NASA Administrator Advocates Long Term
Investment Strategy for Space Launch —
Spaceliner 100

Enterprise Team Develops Spaceliner
Investment Plan

Bantam Project Cancelled — Tasks Used to Initiate
Spaceliner 100

$80M Congressional Plusup for Spaceliner 100

ISTP Combines 2nd and 3rd Generation
Investments in One Integrated Plan

ASTP is Reorganized and Incorporated into the
Aero-Space Base to Foster Synergy with
Aeronautics



ASTP

— Overview

Multi-Center Program Organization
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Advanced Space Transportation Program

Garry Lyles, Manager

e Coak, Depuly ===

Business Manager

ned Crawford (MSFC)

Sharry Buschmann, Assisl. Mgr-Prog

Systems Analysis Systems Engineering
David Anderson (MSFC) Harlan Pratt (MSFC)

L Nikhat Shahzad, S&MA Enginaar

2nd Generation RLY

Investment Area

Spaceliner 100 In-Space Space Transportation Research
Investment Area Investment Area Investment Area

RLY Focused Project
Shayne Swinl, Manager (MSEC)

Propulsion Technolegy and Integration Project Uppersiage Praject
Uwe Hueter, Manager. [MSFC) [ Curtis McMeal, Manager. (MSFC)

Adv. Prop. Ressarch Project
John Cole, Manager (M5EFC)

L vacant, Systems Engineer

Fastrac Project
Danmy Davis, Manager (MSFC)

Wandy Cruit, Azsizl. Mansger
Richard Sheppard,

Fastrac Systems Engingar
B.J. Smith,

Fastrac Systems Englnaser
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L Scott Jackson, Research Sys. Engr

George Young, Rocke! Lead Enginaear g ;

- pace Transfer Technology Project
Vacant, Rockat Sysfems Engineer M Leske Curtis, Manager (MSFC)
Jim Turner, Airbreadhing Lead Engimeer
Craig MeAsihur, Airbveathing Syslems Engineer Randy Bagget, STEF Manager

Ereakthrouwgh Prop. Physics Project
Mare Millis, Manager (GRC)

Cathering McLeod, Airbreathing Systems Engineer | [ Melody Herrmann, Telfher Systems Engineer

Kally Looney, ProSEDS Systems Engineer

Propulsion Research and Technology Project Tommy Harris, ProSEDS Systems Enginesr

Hﬂ'l'l’!.l Cikanak, .-ﬂ-!:l'-'-"rg Mﬂrlﬁglﬂ' I:.GR'C'} Rae Ann chr. II'IISM-I,‘:' Lesad Engfﬂuur
Ajrframe Technology Project Interstellar Frecursor Froject
Joan Funk, Manager [LaRC) 5| Les Johnson, Manager (MSFC)
Bal Pannall, interstellar Sysfams Enginesr
Launch Technol P t
unll:umanl.mm]n Sargj Patel, Exploration Systems Engingar

L vacanl, Systems Engineer

Operations and Range Technology Project
Warran Wilay, Manager (K5C)

L Bruce Morris, Assist Manager (K5C Rap,)

Integrated Viehicle Health Mgmi. Project
Charlie Simonds, Mamager [ARC)

I—Eill Kahle, Assist H.rmagﬂr |'.-I'-IEE R'I:l_l'.ll,l

Judy Balance, FroSEDS Assist ManagerLead Emginesr
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MSFC Organizational Structure
—Overview 2000 PMC —

MSFC

Center Director

_
i Space Transportation
S Director
S
Tj 5 H =
iy : ;
Q . Business Office X-33 Pathfinder
i
i

Advanced Space Transportation Program

2nd Generation SpaceLiner 100 In-Space Space Transportation
RLV Research
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Dependencies and Reliances

—Overview 2000 PMC —-
Program Management | |/ N R I R R . T
Systems Engineering, Vehicle Design and Integration | [ | N R I R . T
Systems Analysis (Intercenter Systems Analysis Team (ISAT)) ) 4 X X X X X X X X
Propulsion System Design & Integration | [ ] T T x T ]

- Advanced Propellants [0 __x__ __________ T "_______"__x _______
- Turbopump System Design & Integraton | [ ] T T T ]
- Turbomachinery ComponentR&T [ 7] x| R
- Combustion ComponentR&T [ x| T T ]
- On-board Storable Propellant Reaction Control Systems | | | T T T ]
- In-space Cryo Fluid Management -__x _______ __x__ __________ T "_______"__x _______
- In-situ Propellant Producton [ ] R ;“ ____"_______"__x _______
- Rocket Engine Propulsion Systems [ [ 7] T T "_______"__x _______
- Combined Cycle Propulsion Systems | [ ] T T T ]
- Combined Cycle Flowpath Performance / Turbine | | | B _x_ 1T I R R R
- Aero/Aerothermodynamics/Dual-Mode Ram/Scramjet | | | T I N ; ____________
- Aeropropulsion Systems [ B _x_ 1T I R R R
- Micropropulsion [T B _x_ T ; T T
- Non-chemical Propulsion Research [ [ 7] B _x_ T ; T _x _______
- Advanced Deep Space Propulsion Concepts | | | T X R
- Propulsion System Analysis [ 7] T I ____"__x _______
Electric Propulsion Systems [ 7] B _x_ T R
- On-board Electric Propulsion [ 7] __x__ _______ ;“ T "_______"__x _______
Rocket Propulsion System and Subsystem Testng | | | T T T X |
- PropulsionTest [T x| x| T x|
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Dependencies and Reliances Cont’d

—Overview 2000 PMC —-
Integrated Vehicle Health Management Architecture X
- Integrated Vehicle Health Management B ;( __________ x | ] x_ 1 _x_ | _)_( N _x_ N ;( _______
Avionics Systems Design & Integraton | | 1" 1 1 [ ] X
- Advanced Instrumentation x| x| 5 x | x | x| ] x| x|
- Guidance Navigaton and Control || 1" x | ] x| x|
- Micro-electronics 77717710 x_ ____________ I R
Power Systems 77015 x |11 ] I R
- Power Sub-systems [ 1T 71> x | 11 ] o x T T
- Power Systems Distributon |1 T 5 x | 11 ] T ;( _______
Structural and Mechanical Design & Integraton [ | | [ 1 | | ] X
- Propellant Tankage, Cryo Insulationand Feed Systems | | | [ | | | x| x [
Advanced Manufacturing and Processes ]
Materials Research X
- Materials Research x| ] 5 x | ] x | x | x | x| x [ 7]
Airframe Design VP v 1 U T x|
- Metallic Thermal Protection Systems || 1" "1 1 | x|
- Integrated Thermal Structures || 1" "1 "1 1 " 1 x|
Thermal Protection Systems x| T T
Crew and Passenger Systems T T T x T T
- CrewInteffaces /771U 0 U0 T x| ]
- Range Safety X
- Operations Technology [ 1~ x | | 1T x | ]
Atmospheric Flight Operations | 1~ x |11 I R
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H OAT Aero-Space Base Programs Structure
i1E _ Overview
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Vehicle Systems Advanced Space

Technology
LaRC Lead Center

Transportation
MSFC Lead Center

r = e _ = — — — —
| : l I 2nd |
Airframe Launch Tech | Generation
1
, nvestment
Propulsion And Power | Operations & Area |
i) IJ In-Space N
Propulsion Propulsion [ Invftmant
R&T (GRC) Tech. & Integ [N ke
ol '| — — — —
Information Technology | | Space |
ARC Lead Center Transportation
Il Research |
Investment
| Area |
Spaceliner100|
Investment
Management iy

Tech (ARC)
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r“ Systems Analysis Will Guide Future Investments
i5lldl __ overview
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“Top Down" Technology Pull

¢ ISAT
¢ Academia and
Industry

Technology

: Investment
System Analysis
M Payoffs
. M Priorities

M Metrics

External Inputs

M Industry
W DoD

“Bottoms Up" Technology Push
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Annual Planning Process

I
Funding

—Overview 2000 PMC —
O N ' D J | F M A M - Jd A - 0
| | | | | | |
Program | | | 4 II} | O | | O
Reviews: I Lead Center PMC I ‘ || Optianal c Il ; Il .I
| I I_ o I_ o I I Independént Annual Review
Systems Analysis Systems Analysis
| | | I
Technology | | |
Identification : : :
| | |
Technology | |
Priorjtization : :
I I
|
|
|

Analysis

9

Update Program &
pRaate Fregrs

Budget

Submit o

Subimit Budget

Glikdance Reyiew Code B | o OMB
POP

|
|
|
|
|
|
|
[ Lead Centar
|
|
|
|
|
|

Supporting Canbar

| Submit 1o Lead Eantqr

Adrministrator
Eluu:lgmI Decizion |




ASTP
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Program (Level 1) Milestone Status

—Overview
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Status

Milestone Date Output Outcome
Complete NSTAR Mission Profile Sep-00 Complete NSTAR Mission Profile ;Allows increased payload
Testing (100% design life) ground testing icapability over chemical
for Deep Space-1 (concurrent, systems, reducing launch mass.
identical firing of an NSTAR
engine in a vacuum chamber with
the actual firing sequence of the
in-flight propulsion system).
Complete 500-hour Test of 10-kW Jun-00 500-hour demonstration of a 10- iAllows increased payload
Hall Electric Thruster kW Hall thruster in ground testing icapability over chemical
systems, reducing launch mass
LOX Densifier verification testing and iJun-00 Validate design, technology and :Data base for design and
completion of hydrogen densifier operational characteristics of X- :idevelopment of operational
build 33 scale liquid oxygen propellant iequipment for densification
densifier, and prove readiness for iwhich when employed provides
use in experimental propulsion a 5-15% volume advantage
ground test or flight test program. iwhich directly translates into
Completion of Hydrogen densifier ireduced cost/increased
assembly performance.
Deliver Fastrac Engine to X-34 Jun-00 1st Fastrac engine certified for Significant reduction in the
flight on the X-34 development cost of Earth-to-
orbit propulsion
Complete fabrication of Metal Matrix :Aug-00 Delivery of multiple Demonstrate successful
Composite (MMC) & Polymer Matrix demonstration units, each fabrication of thrust cell
Composite (PMC) thrust cell fabricated with different chambers using new material
chamber demonstration units composite structural jackets systems that offer weight
surrounding a new copper alloy isavings up to 40%.
liner.
Advanced TPS panel development, iSep-00 Database of advanced TPS Advanced TPS is more robust
fabrication and test coatings and materials. and required significantly less
Advanced TPS concept validated imaintenance than current
through ground test. ceramic tile and blanket TPS.
Composite Cryogenic Tank and Jul-01 Validation of PMC cryogenic LH2 :Significant weight reduction for
Integrated Structures Demonstration and LOX tanks to include RLV cryotanks and primary
validation of compatible materials istructure can be quantified
systems and processes, through actual test data.
fabrication and joining of large-
scale articles, and demonstrated
thermal-structural performance
Airbreathing Engine System Sep-01 Engine preliminary designs Establish preferred airbreathing
Selection for first Flight Demonstrator reviews complete engine concept for FY 05 flight
demonstrator which will directly
Flowpath Definition and Testing Sep-01 Flowpath characterization Used as criteria for airbreathing

Completed for First Flight
Demonstrator

complete

demonstrator engine selection
which directly supports the long
term objectives of Goal 9.




Risk Management Approach
—Overview 2000 PMC —
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¢

The Advanced Space Transportation Base R&T Program Office will
assess risk on a continuous basis.

» Each project manager will identify the principal technical risks and
document these risks in the applicable project plan.

The primary risk drivers for base technology development programs are:

(1) Critical enabling technologies encountering unexpected
developmental difficulties

* (2) Availability of financial and human resources
 (3) Availability of critical facilities

Risk beyond the scope of that which can be managed within an
individual area will be addressed by

 Reallocation of Resources

» Descope or Deletion of Work Based on Systems Payoff



Scope of Today’s PMC Review
—Overview 2000 PMC —

¢+ All ASTP Managed Activities Except:

» Fastrac Engine (Separate Independent
Review Underway)

* In-Space Pathfinder Program Experiments
Managed by ASTP

- PROSEDS
— Hall Thruster
— Cryo Propellant Gauge

¢ Remaining Activities are Ground Based
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